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Abstract

The NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) for acute lymphoblastic leukemia (ALL) provide recommendations
for management of ALL, with a focus on the classification of ALL subtypes based on immunophenotype and cytogenetic/molecular markers;
risk assessment and stratification for risk-adapted therapy; treatment strategies for Philadelphia chromosome (Ph)-positive and Ph-negative
ALL for both adolescent and young adult and adult patients; and supportive care considerations. This selection from the NCCN Guidelines
for ALL focuses on treatment recommendations for adults with newly diagnosed Ph-negative ALL based on current evidence.
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Overview
Acute lymphoblastic leukemia (ALL) is a heterogeneous hemato-
logic disease characterized by the proliferation of immature lym-
phoid cells in the bone marrow, peripheral blood, and other
organs.1 The age-adjusted incidence rate of ALL in the United
States is 1.8 per 100,000 individuals per year,2 with approximately
6,550 new cases and 1,330 deaths estimated in 2024.3 The me-
dian age at diagnosis for ALL is 17 years, with 53.5% of patients
diagnosed at,20 years of age.2 In contrast, 29.6% of patients are
diagnosed at $45 years of age and only approximately 13.7% of
patients are diagnosed at $65 years of age.2 ALL represents
75%–80%of acute leukemias among children,making it themost
common form of childhood leukemia; by contrast, ALL repre-
sents approximately 20% of all leukemias among adults.1,4

The cure rates and survival outcomes for patients with ALL
have improved dramatically over the past several decades, primar-
ily among children.5 Improvements are largely owed to advances in
the understanding of molecular genetics and pathogenesis of the
disease, incorporation of minimal residual disease (MRD) test-
ing, refinement of risk-adapted treatment algorithms, advent of
new targeted agents, and use of allogeneic hematopoietic cell
transplantation (HCT).

The treatment approach to ALL represents one of the most
complex and intensive programs in cancer therapy. The most

common treatment regimens used in patients with ALL include
modifications or variations of multiagent therapy regimens origi-
nally developed by the Berlin-Frankfurt-M€unster group for pediat-
ric patients (eg, regimens used by the Children’s Oncology Group
[COG] for children and adolescent and young adult [AYA] patients,
or theCALGB regimen for adult patients), and thehyper-central ve-
nous access device [CVAD] regimen developed at MD Anderson
Cancer Center (MDACC). In general, the treatment phases can be
largely grouped into induction, consolidation, and maintenance.
Typically, induction regimens for adult ALL are also based on a
backbone of vincristine, corticosteroids, and anthracyclines.

This selection from theNCCNGuidelines for ALL focuses on
the treatment of newly diagnosed Philadelphia chromosome
(Ph)-negative B-cell ALL (B-ALL) in adults (to view the complete
and most recent version of these Guidelines, including recom-
mendations for AYA patients, visit NCCN.org).

Frontline Therapy for Adults With
Ph-Negative B-ALL
Clinical Data
CALGB 8811 Larson Regimen
The CALGB 8811 trial evaluated a 5-drug induction regimen (com-
prising vincristine, daunorubicin, prednisone, L-asparaginase, and
cyclophosphamide) as part of an intensive chemotherapy regimen
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for patients with previously untreated ALL (n5197; Ph-positive in
29%; median age, 32 years; range, 16–80 years).6 Patients$60 years
of age received a dose-adjusted regimenwith aprednisonepulse for
only 7 days and a 33% reduction of daunorubicin and cyclophos-
phamidedoses. Themedian overall survival (OS) for all patientswas
36months, after amedian follow-up of 43months. Among patients
who experienced a complete remission (CR) (85% of all patients),
the median remission duration was 29 months. The estimated
3-year OS rate was higher for the subgroup of patients,30 years of
age compared with those aged 30 to 59 years or patients$60 years
of age (69% vs 39% vs 17%; P,.001). This was largely due to high
induction-relatedmortality (50%) in patients$60 years of age, con-
tributing to a median OS of 1 month in this population.6 Among
the subgroup of patients negative for the Philadelphia chromo-
some by both cytogenetics and molecular testing (n529), me-
dian OS was 39 months and the 3-year OS rate was 62%.6

TheCALGB9111 study evaluated the impact of adding gran-
ulocyte colony-stimulating factor (G-CSF) after intensive therapy
(CALGB 8811 Larson regimen) on neutrophil recovery in adults
with ALL (n5198; median age, 35 years; range, 16–83 years).7 Pa-
tients were randomized to receive either placebo or G-CSF be-
ginning 4 days after induction, and the G-CSF group continued
G-CSF treatment during consolidation. Although the addition
of G-CSF did not result in a significant impact in OS or disease-
free survival (DFS), patients in the G-CSF group had significantly
shorter durations of neutropenia and thrombocytopenia, a higher
CR rate, and lower inductionmortality (P5.04) compared with pa-
tients in the placebo group.7 Among the 41 patients $60 years of
age randomized to G-CSF (n521) or placebo (n520), G-CSF use
was associated with lower induction mortality (10% vs 25%); how-
ever, this did not meet statistical significance. The reduction ob-
served with induction mortality was accompanied by a similarly
nonsignificant increase in CR rate for those receiving G-CSF (81%
vs 55%; P5.1). For the entire group $60 years of age, median OS
was improved to 12months, but 3-yearOS remainedpoor at 17%.7

GRAALL-2005 and 2014 Regimens
Based on retrospective analyses of data from adults with B-ALL
treated in clinical trials, CD20 positivity (generally defined as

CD20 expression on .20% of blasts) was found to be associated
with adverse outcomes measured by a higher cumulative inci-
dence of relapse, decreasedCRduration, or decreased survival.8,9

Given the prognostic significance of CD20 expression in these
patients, treatment regimens incorporating the CD20 monoclo-
nal antibody rituximabhave been evaluated.

The prospective phase II GRAALL-2003 study evaluated a
pediatric-inspired regimen using intensified doses of vincris-
tine, prednisone, and asparaginase for adolescents and adults
with Ph-negative ALL (n5225; median age, 31 years; range,
15–60 years).10 The induction regimen comprised vincristine,
daunorubicin, prednisone, L-asparaginase, and cyclophospha-
mide. Patientswithhigh-risk disease anddonor availabilitywere al-
lowed to proceed to allogeneic HCT. The event-free survival (EFS)
and OS rates at 42 months were 55% and 60%, respectively. When
data from patients who underwent HCT at first CR were censored,
theDFS rates at 42monthswere 52% forpatientswithhigh-risk dis-
ease and 68% for patients with standard-risk disease (risk assign-
ment based on GRAALL protocol); these DFS outcomes by risk
groups were similar to outcomes using the MRC UKALL/ECOG
definition for risk classification.10 Age .45 years was predictive of
poorer survival outcomes on this study; the OS rate at 42 months
was 41% forpatients.45 years of age comparedwith 66% for those
#45 years of age. Moreover, compared with patients #45 years of
age, patients.45 years of age had a higher cumulative incidence of
therapy-related deaths (23% vs 5%) and deaths in first CR (22% vs
5%).10 Thus, it seems that the benefit of this pediatric-inspired regi-
men outweighed the risks for therapy-related deaths only for those
patients up to 45 years of agewithPh-negativeALL.

The design of the GRAALL-2005 study was similar to the
GRAALL-2003 trial, with the addition of randomized evaluation of hy-
perfractionated cyclophosphamide during induction and late intensi-
fication, as well as randomized evaluation of rituximab in patients
with CD20-positive Ph-negative ALL (n5209; median age, approxi-
mately 40 years; range, 18–59 years).11 The estimated 2-year EFS rate
in the rituximab group was 65% (95% CI, 56%–75%) compared with
the control group at 52% (95% CI, 43%–63%). After a median follow-
up of 30 months, EFS was longer in the rituximab group than in the
control group (hazard ratio [HR], 0.66; 95%CI, 0.45–0.98; P5.04).11

NCCN CATEGORIES OF EVIDENCE AND CONSENSUS

Category 1: Based upon high-level evidence ($1 randomized phase 3 trials
or high-quality, robust meta-analyses), there is uniform NCCN consensus
($85% support of the Panel) that the intervention is appropriate.
Category 2A: Based upon lower-level evidence, there is uniform NCCN
consensus ($85% support of the Panel) that the intervention is appropriate.
Category 2B: Based upon lower-level evidence, there is NCCN consensus
($50%, but,85% support of the Panel) that the intervention is appropriate.
Category 3: Based upon any level of evidence, there is major NCCN
disagreement that the intervention is appropriate.

All recommendations are category 2A unless otherwise indicated.

NCCN CATEGORIES OF PREFERENCE

Preferred intervention: Interventions that are based on superior efficacy,
safety, and evidence; and, when appropriate, affordability.
Other recommended intervention:Other interventions that may be
somewhat less efficacious, more toxic, or based on less mature data; or
significantly less affordable for similar outcomes.
Useful in certain circumstances: Other interventions that may be used for
selected patient populations (defined with recommendation).

All recommendations are considered appropriate.

Clinical trials: NCCN believes that the best management for any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged.

PLEASE NOTE

The NCCN Guidelines® are a statement of evidence and consensus of the authors regarding their views of currently accepted approaches to treatment.

The NCCN Guidelines® Insights highlight important changes in the NCCN Guidelines® recommendations from previous versions. Colored markings in
the algorithm show changes and the discussion aims to further understanding of these changes by summarizing salient portions of the panel’s discus-
sion, including the literature reviewed.

The NCCN Guidelines Insights do not represent the full NCCNGuidelines; further, the National Comprehensive Cancer Network® (NCCN®) makes no
representations or warranties of any kind regarding the content, use, or application of the NCCN Guidelines and NCCN Guidelines Insights and disclaims any
responsibility for their application or use in any way.
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The role of standard-dose versus hyperfractionated cyclo-
phosphamide during first induction and late intensification in
adults with newly diagnosed Ph-negative ALL was evaluated in a
subsequent report from the GRAALL-2005 trial.12 After a median
follow-up of 5.2 years, randomization to the hyperfractionated
cyclophosphamide arm did not increase the CR rate or prolong
EFS or OS rates, and tolerability to this regimen was poor in
patients$55 years of age.12

The GRAALL-2014 study aimed to improve outcomes of the
GRAALL-2005 by reducing chemotherapy intensity in patients
aged 45–59 years and modifying the indication for HCT to only a
postinduction MRD $1023 and/or a postconsolidation MRD
$1024.13 Compared with GRAALL-2005, induction death rate
was significantly reduced in GRAALL-2014 among patients
aged 45–59 years (3% vs 11%; P5.001). CR rate was also higher
in this age group in GRAALL-2014 (92% vs 86%, P5.05), attrib-
uted to a higher need for second induction due to the reduced-
intensity of first induction. In light of MRD-based HCT indica-
tion, fewer patients proceeded to HCT on GRAALL-2014, lead-
ing to an increase in 3-year cumulative incidence of relapse (35%
vs 28%;P5.01), though a reduction in 3-year cumulative incidence
of transplant relatedmortality (5% vs 11%;P,.001) andOS (71% vs
64%;P5.002).

USC/MSKCC ALL Regimen Based on CCG-1882 Regimen
The USC ALL trial based on the pediatric CCG-1882 regimen stud-
ied the regimen of daunorubicin, vincristine, prednisone, and
methotrexate with augmented pegaspargase (PEG) in patients

between 18 and 60 years of age with newly diagnosed ALL
(n551).14,15 The augmented arm included one long-lasting PEG
dose in each cycle up to 6 total scheduled doses. Each dose of PEG
(2,000 IU/m2 intravenous) was preceded with hydrocortisone for
hypersensitivity prophylaxis followed by 1 to 2 weeks of oral ste-
roids. Patients on this trial received amean of 3.8 doses per patient
with 45%of patients receiving all 6 doses,while 20%of patients dis-
continued treatment based on toxicity. The 7-year OS was 51%
(58%of thesepatients hadPh-negative disease) and the 7-yearDFS
was 58%. The dose of PEGwas lower than the FDA-approved dose
of 2,500 IU/m2, and adjustments to the dosing interval were made
to be $4 weeks. This deviated from the pediatric protocol to ac-
count for the difference in drug enzymatic activity in adults. Study
data suggest that adaptation of the pediatric regimen to the adult
populationmaybe feasiblewithmodifications to reduce toxicity.

Linker 4-Drug Regimen
Linker et al16 evaluated an intensified chemotherapy regimen
that incorporated a 4-drug induction regimen (comprising vin-
cristine, daunorubicin, prednisone, and asparaginase) in adoles-
cent and adult patients with ALL (n584; Ph-positive in 16%;
median age, 27 years; range, 16–59 years). The 5-year EFS andOS
rates for all patients were 48% and 47%, respectively. Among the
patients who experienced a CR (93% of all patients), the 5-year
EFS rate was 52%. The 5-year EFS rate was 60% for the subgroup
of patientswithout high-risk features (n553).16

In a phase II study, Wieduwilt et al investigated whether
the Linker 4-drug regimen could be safely intensified with the

Figure 1. ALL-6. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) for Acute Lymphoblastic Leukemia, Version 2.2024.
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addition of PEG, cyclophosphamide, rituximab, dasatinib, and in-
trathecal liposomal cytarabine in adults with ALL or lymphoblas-
tic lymphoma (n529; median age, 28 years; range, 20–54 years).17

The CR rate for ALL was 88%. For Ph-negative B-ALL (n516), the
CR rate was 86%, and for Ph-positive B-ALL (n57), the CR rate was
88%.17 With a median follow-up of 32 months, the 2-and 3-year
EFSwere 59%, and EFSwas similar for B-ALL, T-ALL, lymphoblastic
lymphoma,Ph-negativeB-ALL, andPh-positiveB-ALL.17

Mrc Ukall Xii/Ecog E2993
In one of the largest multicenter prospective trials conducted to
date (MRC UKALL XII/ECOG E2993 study), adolescent and adult
patientswith newly diagnosed disease (n51,521; aged 15–59 years)
received induction therapy consisting of vincristine, daunorubicin,
prednisone, and L-asparaginase for 4 weeks (phase I) followed
by cyclophosphamide, cytarabine, oral mercaptopurine (6-MP),
and intrathecal methotrexate for 4 weeks (phase II).18 After
completion of induction therapy, patients who experienced
a CR received intensification therapy with 3 cycles of high-
dose methotrexate (with standard leucovorin rescue) and
L-asparaginase. After intensification, those ,50 years of age
who had an HLA-compatible sibling underwent allogeneic
HCT; all others were randomized to receive autologous HCT
or consolidation/maintenance treatment.18 For Ph-negative
disease, “high-risk” disease was defined as having any of the
following factors: aged $35 years; time to CR .4 weeks; or
elevated white blood cell (WBC) count (.30 3 109/L for B-cell
lineage;.1003 109/L for T-cell lineage). All other patients with

Ph-negative disease were considered to have standard-risk dis-
ease. The 5-year OS rate for all patients with Ph-negative ALL was
41%; the OS rates for the subgroups with standard-risk (n5533)
andhigh-risk disease (n5590) were 54% and 29%, respectively.18

Hyper-CVADWith or Without Rituximab or Blinatumomab
The hyper-CVAD regimen constitutes another commonly used
ALL treatment regimen for adults. A phase II study fromMDACC
evaluated hyper-CVAD in adolescents and adults with previously
untreated ALL (n5288; median age, 40 years; range, 15–92 years;
Ph-positive in17%).19ThemedianOS forall patientswas32months
and the 5-year OS rate was 38%, with a median follow-up of
63 months. Among the patients with Ph-negative ALL (n5234),
the 5-year OS ratewas 42%.19 Among patientswho experienced a
CR (92% of all patients), the 5-year CR duration rate was 38%.19

Death during induction therapy occurred in 5% of patients and
was more frequent among patients$60 years of age. The 5-year
OS in patients $60 years of age was 17%.19 A subsequent retro-
spective review from the same institution suggested that thismay
be related to higher rates of death in remission (34%) relative to
patients ,60 years of age (7%).20

A phase II study fromMDACCevaluated hyper-CVADwith or
without rituximab in patients with newly diagnosed Ph-negative
B-ALL (n5282; median age, 41 years; range, 13–83 years).21

Among the subgroup of patients with CD20-positive ALL who
were treated with hyper-CVAD combined with rituximab, the
3-year CR duration andOS rates were 67% and 61%, respectively.
In addition, among patients,60 years of age with CD20-positive

Figure 2. ALL-6A. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) for Acute Lymphoblastic Leukemia, Version 2.2024.
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disease, modified hyper-CVAD plus rituximab resulted in a sig-
nificantly improved CR duration (70% vs 38%; P,.001) and OS
rate (75% vs 47%; P5.003) compared with the standard hyper-
CVAD regimenwithout rituximab.21 No significant differences in
outcomes with the addition of rituximabwere noted for the sub-
group of patients with CD20-negative disease. Notably, patients
$60 years of age with CD20-positive disease demonstrated higher
rates of MRD negativity with the inclusion of rituximab; however,
this did not translate into a survival benefit, again largely due to
increased mortality in CR. It is worth noting that this high rate
of death in CR for patients $60 years of age may relate to an-
thracycline intensification as opposed to rituximab.22

Another phase II study from MDACC evaluated hyper-CVAD
and sequential blinatumomab in patients with newly diagnosed
Ph-negative B-ALL (n538;median age, 37 years).23 Treatment con-
sisted of 4 cycles of hyper-CVAD followed by 4 cycles of blinatumo-
mab consolidation. Maintenance consisted of 15 cycles of
alternating POMP (6-MP, vincristine sulfate, methotrexate, and
prednisone) for 3 cycles and blinatumomab for 1 cycle. Three-year
relapse-free survival (RFS) was estimated at 73%, with no relapses
more than 2 years from the start of therapy. Grade 3 cytokine re-
lease syndrome occurred in one patient (3%), while 4 patients
(11%)had grade 3neurologic events related toblinatumomab.

GRAALL-SA1 Regimen
In an effort to decrease toxicity, the GRAALL-SA1 study com-
pared the efficacy and toxicity of pegylated liposomal doxorubi-
cin (Peg-Dox) to continuous infusion doxorubicin (CI-Dox) in

patients $55 years of age with ALL.24 In this moderate-intensity
regimen containing vincristine, dexamethasone, and cyclophos-
phamide, patients were randomized to receive either CI-Dox
(n531; 12 mg/m2/day) or Peg-Dox (n529; 40 mg/m2).24 Com-
pared with the CI-Dox arm, the Peg-Dox arm was significantly
associated with reduced toxicity and fewer infections, but there
was no survival benefit: the induction mortality rate was 8% (CI-
Dox arm, 7% vs Peg-Dox arm, 10%), the frequency of refractory
disease after induction was 10% (CI-Dox arm, 17% vs Peg-Dox
arm, 3%; P5.1), and the CR rate was 82% (CI-Dox arm, 90% vs
Peg-Dox arm, 72%; P5.1).24 At 2 years, the estimated death in CR
was 26.5% (CI-Dox arm, 37% vs Peg-Dox arm, 19%), and the OS
and EFS rates were statistically similar at 35% and 24% in the CI-
Dox and Peg-Dox arms, respectively.24

GMALL Regimen
In a prospective trial, the GMALL group evaluated the efficacy of a
moderate-intensity regimen in adults aged 55 to 85 years with Ph-
negative ALL (n5268).25 The induction therapy consisted of induc-
tion I (dexamethasone, vincristine, idarubicin) and induction II (cy-
clophosphamide, cytarabine), with rituximab added for patients
with CD20-positive disease. The original treatment protocol (group
1) was modified to evaluate central nervous system (CNS) prophy-
laxis with liposomal cytarabine and alternative consolidation with
asparaginase (group 2); and after induction, 1 cycle with 500 U/m2

PEG was scheduled to evaluate feasibility (group 3). The reported
overall CR rate was 76% (n5203), and the CR rates in groups 1, 2,
and 3 were 72%, 86%, and 82%, respectively.25 The 5-year OS rate

Figure 3. ALL-D 3 of 28. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) for Acute Lymphoblastic Leukemia, Version 2.2024.
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was 23%, and the 2-year OS rates observed in groups 1 and 2 were
33% and 52%, respectively.25 A major finding from this study in-
cluded the importance of the ECOG performance status before the
onset of ALL (ECOGb) at predicting induction mortality. Patients
with an ECOGb score$2 correlated with higher induction mortal-
ity rates compared with those with an ECOGb score of 0 to 1 (53%
vs 7%, respectively; P,.0001).25 In addition, the study showed
that consolidation with native Escherichia coli asparaginase and
PEG was feasible and well tolerated and was associated with im-
provements in CR rates and 2-year OS in this aged 55 to 85 years
patient subset.25

PETHEMA-Based Regimen
The Spanish PETHEMAgroup conductedphase II prospective stud-
ies in patients aged 56 to 79 yearswith Ph-negative ALL (ALLOLD07;
n556).26,27 The ALLOLD07 protocol was based on a protocol from
EWALL, and treatment comprised a 4-week induction with dexa-
methasone, vincristine, idarubicin, cyclophosphamide, and cy-
tarabine, followed by consolidation with intermediate-dose
methotrexate and native E. coli asparaginase. The CR rate was 74%
with an early death rate of 13%. The median DFS was 8 months
with amedianOSof 12months. This trial included other adapted
regimens for Ph-positive ALL and mature B-ALL groups, but
the outcomeswere poorest in the Ph-negative ALL group.27

Modified DFCI 91-01 Protocol
A retrospective analysis examined the efficacy of a modified ver-
sion of a DFCI pediatric protocol, DFCI 91-01,28,29 in adults with

newly diagnosedALL (n551; age range, 60–79 years).30 Induction
consisted of dexamethasone (in place of prednisone), doxorubi-
cin, cytarabine, and reduced doses of methotrexate, vincristine,
and native asparaginase. For patients who achieved CR, the me-
dian time to recurrence was 30 months (range, 1–94 months).30

In patients with Ph-negative disease (n535), the CR rate was
71%, with induction mortality and primary refractory rates of
20% and 9%, respectively.30 The 5-year DFS rate among those
achieving CRwas 57.4% (95%CI, 32.8%–75.8%), while the overall
estimated 5-year OS was 40.5% (95% CI, 20%–60.2%).30

Low-Intensity Chemotherapy and Corticosteroids
For adults who are older with ALL who may also have multiple
comorbidities, the utility of traditional chemotherapy backbones
based on vincristine, corticosteroids, and an anthracycline is
limited largely due to treatment-related toxicities.31 Attempts
to identify optimal therapy in this population have included
adaptations of palliative regimens including vincristine and
corticosteroids, and POMP.32–35 Although these regimens are
unlikely to generate cure, they can palliate the disease and
extend survival, with clinical outcomes similar to those achieved
with more intensive protocols. It is important to note that
adults who are older with ALL and multiple comorbidities
have not typically qualified for clinical trials. To improve clin-
ical outcomes, trials designed specifically for this population
are needed. These should include novel, personalized ap-
proaches based on immunophenotype and/or genetic mu-
tation status.
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Inotuzumab Ozogamicin
In a phase II study, the efficacy and safety of the antibody drug
conjugate inotuzumab ozogamicin (InO), combined with low-
intensity chemotherapy (mini-hyper-CVD) was evaluated in
adults with a median age of 68 years with newly diagnosed Ph-
negative ALL and an ECOG performance status#3 (n552; inter-
quartile range, 64–72 years).36 Compared with hyper-CVAD,
mini-hyper-CVD has no anthracycline and is composed of re-
duced doses of dexamethasone (50% reduction), methotrexate
(75% reduction), and cytarabine (given every 12 hours at 0.5 g/m2

on days 2 and 3). In this study, InO was given on day 3 of the first
4 courses at 1.3–1.8 mg/m2 for cycle 1, followed by 1.0–1.3 mg/m2

for subsequent cycles.36 In addition, maintenance therapy with
dose-reducedPOMPwas given for 3 years.With amedian follow-
up of 29 months, the 2-year progression-free survival was 59%
(95% CI, 43%–72%).36 Some of the most frequent grade 3 and 4
adverse events were prolonged thrombocytopenia (81%), infec-
tions during induction and consolidation (52% and 69%, respec-
tively), and hyperglycemia (54%).36 In this study, sinusoidal
obstruction syndrome (SOS) occurred in 4 patients (8%).

A phase II study evaluated InO monotherapy in 26 patients
(median age, 46 years; range, 19–70 years) patients with B-cell
ALL in CR1 or beyond with positive MRD ($13 1024).37 After a
median of 3 cycles (range, 1–6 cycles), 69% of patients experi-
enced MRD negativity. Two-year RFS and OS rates were 54%
and 60%, respectively. Eight percent of patients developed
SOS, and the remainder of adverse events were noted to be
low grade.

In the phase II INITIAL-1 trial, InO combined with dexa-
methasone is being investigated as an induction regimen for
patients$55 years of age (n543;median age, 64 years; age range,
56–80 years) with newly diagnosed Ph-negative B-ALL.38 Up to
3 cycles of InO/dexamethasone induction were given, followed
by up to 6 cycles of GMALL consolidation adapted by age and
maintenance therapy. All patients achieved CR/CR with in-
complete hematologic recovery (CRi) following 2–3 cycles of
InO/dexamethasone. Following cycle 2, 53% of patients expe-
rienced MRD negativity, while 30% experienced MRD nega-
tivity after cycle 3. With a median follow-up of 2.7 years, 1-year
EFS and OSwere 88% and 91%, respectively. Three-year EFS and
OSwere 55%and 73%, respectively.

In the ongoing phase II Alliance A041703 trial, the chemo-
therapy-free regimen of InO for induction followed by blinatu-
momab consolidation is being investigated in patients$60 years
of age (n533; median age, 71 years; range, 60–84 years) with
newly diagnosed Ph-negative B-ALL with no plans for allogeneic
HCT.39 Induction course IA included InO at a dose of 0.8 mg/m2

on day 1 followed by 0.5 mg/m2 on days 8 and 15 of a 21-day
cycle. Those with adequate cytoreduction, defined as reduction
of bone marrow blasts by $50% or cellularity #20%, went on to
receive either induction IB (InO 0.5 mg/m2 on days 1, 8, and 15
of a 28-day cycle) if CR/CRi was achieved or induction IC (InO
0.8 mg/m2 on days 1, 8, and 15 of a 28-day cycle) if having not
achieved CR/CRi. Those with inadequate cytoreduction to in-
duction IA or those without events in induction IA, IB, or IC be-
gan blinatumomab consolidation. Those experiencing CR/CRi
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with InO received a total of 3 28-day cycles of blinatumomab,
while all others received a total of 4 cycles. The cumulative CR
rate through induction InO courses was 85% and for blinatumo-
mab consolidation was 97%. With a 22-month median follow-
up, 1-year EFS was 75% (95% CI, 61%–92%) and 1-year OS was
84% (95%CI, 72%–98%). 39

A separate phase II MDACC study evaluated the use of mini-
hyper-CVD and InO with or without blinatumomab in patients
$60 years of agewithnewly diagnosedPh-negative B-ALL.40 Treat-
ment consisted of 4 cycles of mini-hyper-CVD with InO followed
by 4 cycles of blinatumomab consolidation. Maintenance therapy
consisted of 3 cycles of POMP alternating with 1 cycle of blinatu-
momab for a total of 12 cycles. Five-year progression-free survival
was 44%. The most common grade 3–4 events were hematologic.
Six patients (8%) developedSOS, 4 ofwhichwere fatal.

Blinatumomab
Blinatumomab, a bispecific T-cell engager antibody targeted
against CD19, has shown promising clinical efficacy as a means
of eradicating persistent MRD following upfront chemotherapy.
In a multicenter, single-arm, phase II study, Topp et al41 evalu-
ated the efficacy of blinatumomab inpatientswithMRD-positive
Ph-negative B-ALL (n521; age range, 20–77 years). Patients were
considered to have MRD-positive disease if they had never
achieved MRD negativity before blinatumomab or had experi-
enced a hematologic CR with MRD $1024. After blinatumomab
treatment, 16 of 20 patientswith evaluable datawere determined
to have experienced MRD negativity at a detection threshold of

1024.41 After a median follow-up of 33 months, the hematologic
RFS of the evaluable cohort was 61%.42 G€okbuget et al43 exam-
ined the efficacy of blinatumomab in an expanded cohort
(n5116) using a higher threshold for MRD positivity (hemato-
logic CRwithMRD$1023). After one 28-day cycle of blinatumo-
mab, 88 of 113 patients with evaluable data achieved a complete
MRD response, and the RFS rate at 18monthswas 54%.43 In both
of these trials, most patients achieving MRD negativity after
blinatumomab proceeded to allogeneic HCT, establishing bli-
natumomab as an effective “bridge to transplant” in patients with
MRD-positive disease. Subsequent studies of blinatumomab
evaluated its ability to induce CR (including rapidMRD-negative
responses) in patients with R/R B-precursor ALL.44–46 In March
2018, the FDA approved blinatumomab use for the treatment of
adult and pediatric patients with B-cell precursor ALL in first or
secondCRwithMRDdefined as disease$0.1%.

ECOG-ACRIN E1910 Regimen
In contrast to prior studies investigating blinatumomab as a
means of eradicating MRD during or after multiagent therapy,
this phase III trial investigated whether blinatumomab could
improve outcomes in patients receiving chemotherapy who had
experienced MRD negativity (,0.01%).47 Patients with newly
diagnosed Ph-negative B-ALL between the ages of 30 to 70 years
initially received multiagent induction therapy with a Berlin-
Frankfort-M€unster–like regimenadapted fromE2993/UKALLXII.
PEG was added for patients ,55 years of age and rituximab
was added for CD20 positivity. After induction, patients who
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experienced a CR/CRi remained on study and proceeded to in-
tensification with high-dose methotrexate and pegaspargase
for CNS prophylaxis. Thereafter, MRD status was assessed by
6-color flow cytometry. Patients were randomized to receive
either 4 cycles of consolidation chemotherapy or 2 cycles of bli-
natumomab followed by 2 cycles of consolidation chemotherapy,
followed by a third cycle of blinatumomab, followed by another
cycle of consolidation chemotherapy, and finally a fourth cycle of
blinatumomab. However, after the FDA approval of blinatumo-
mab for patients with MRD-positive disease, those with MRD
positivity in the trial were no longer randomized and assigned
to the blinatumomab arm. All patients received POMP mainte-
nance therapy for a total of 2.5 years. Patients were referred for
allogeneic HCT at provider discretion. For the entire cohort, CR/
CRi rate after induction was 81%. For those who experienced
MRD negativity, the addition of blinatumomab led to significant
improvement in outcomes. Three-year OS in the blinatumomab
groupwas 85% compared with 68% for the chemotherapy-alone
group (P5.002) and 3-year RFS was 80% vs 64%, respectively
(HR, 0.53; 95% CI, 0.32–0.87).

Basedon these data, in June 2024, the FDA expanded the ap-
proval of blinatumomab to include adult and pediatric patients
$1 month with Ph-negative B-ALL in the consolidation phase of
multiphase chemotherapy.

Hematopoietic Cell Transplantation
For adults with Ph-negative ALL in first CR, allogeneic HCT may
be considered for high-risk cases - particularly for patients with

disease that isMRDpositive any time after induction; or patients
with elevated WBC counts; or patients with B-ALL and poor-risk
cytogenetics [eg, hypodiploidy, KTM2A (MLL) rearrangement]
at diagnosis. A large multicenter trial (LALA-94 study) evaluated
the role of postinduction HCT as one of the study objectives
in adolescent and adult patients with ALL receiving therapy for
previously untreated ALL (n5922; median age, 33 years; range,
15–55 years).48 Patients were stratified into 4 risk groups: (1) Ph-
negative standard-risk disease [defined as achievement of CR
after 1 course of chemotherapy; absence of CNSdisease; absence
of t(4;11), t(1;19), or other 11q23 rearrangements; WBC count
,303 109/L]; (2) Ph-negative high-risk ALL (defined as patients
with non–standard-risk disease and without CNS involvement);
(3) Ph-positive ALL; and (4) evidence of CNS disease. After induc-
tion therapy, patients with Ph-negative high-risk ALL were eligi-
ble to undergo allogeneic HCT if a matched sibling donor was
available; those without a sibling donor were randomized to un-
dergo autologous HCT or chemotherapy alone.48 Among the
subgroup of patients with Ph-negative high-risk ALL (n5211),
the 5-year DFS and OS rates were 30% (median, 16 months) and
38% (median, 29 months), respectively. Based on intent-to-treat
analysis, outcomes in patients with Ph-negative high-risk ALL
were similar for autologous HCT (n570) and chemotherapy
alone (n559) in terms ofmedian DFS (15 vs 11months), median
OS (28 vs 26 months), and 5-year OS rate (32% vs 21%).48 Out-
comes were improved in patients with Ph-negative high-risk ALL
and those with CNS involvement allocated to allogeneic HCT.
The median DFS was 21 months for these patients, and the
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median OSwas not reached; the 5-year OS rate was 51%.48 Thus,
it appears that in patients with Ph-negative high-risk disease,
allogeneic HCT in first CR improved DFS outcomes, whereas
autologous HCT did not result in significant benefit compared
with chemotherapy alone.

In the PETHEMA ALL-93 trial, adult patients with high-
risk ALL [defined as having at least one of the following criteria:
30–50 years of age; WBC count$253 109/L; presence of t(9;22),
t(4;11), or other 11q rearrangements; and t(1;19)] received post-
remission induction therapy (n5222 eligible; median age, 27 years;
range, 15–50 years) with allogeneicHCT (n584; ifmatched related
donor available), autologousHCT (n550), or chemotherapy alone
(n548).49 Based on intent-to-treat analysis of data from patients
with Ph-negative high-risk disease, no significant advantage was
observed in a donor versus no-donor comparison of median DFS
(21 vs 38 months), median OS (32 vs 67 months), 5-year DFS rate
(37% vs 46%), or 5-year OS rate (40% vs 49%). In addition, when
the analysis was conducted based on the actual postremission
treatment received, no significant differences were noted between
treatment arms for 5-year DFS rates (50% for allogeneic HCT;
55% for autologous HCT; and 54% for chemotherapy alone).49

The role of allogeneic HCT in adults with ALL was also eval-
uated in the large multicenter MRC UKALL XII/ECOG E2993
study (n51,913; age range, 15–59 years).50 In this study, high risk
was defined as $35 years of age; time to CR .4 weeks from in-
duction; elevated WBC counts (.30 3 109/L for B-ALL; .100 3

109/L for T-ALL); or the presence of Ph chromosome. All other
patients were considered to have standard-risk disease. Patients

experiencing a remission with induction therapy were eligible to
undergo allogeneicHCT if amatched sibling donorwas available
or, in the absence of a sibling donor, were randomized to un-
dergo autologous HCT or chemotherapy. The 5-year OS rate was
higher for patients randomized to chemotherapy alone com-
pared with autologous HCT (46% vs 37%; P5.03). A donor versus
no-donor comparison in all patients with Ph-negative ALL
showed that the 5-year OS rate was significantly higher in the
donor group than in the no-donor group (53% vs 45%; P5.01).
This advantage in OS outcomes for the donor groupwas observed
for patients with standard-risk disease (62% vs 52%; P5.02) but
not for those with Ph-negative high-risk disease (41% vs 35%).50

This was partly because of the high rate of nonrelapse mortality
observed with the donor group compared with the no-donor
group in patients with high-risk disease (36% vs 14% at 2 years).
Among patients with standard-risk disease, the nonrelapse mor-
tality rate at 2 years was 19.5% for the donor group and 7% for
the no-donor group. Relapse rate was significantly lower in the
donor group than in the no-donor group for both patients with
standard-risk disease (24% vs 49%; P,.001) and those with high-
risk disease (37% vs 63%; P,.001).50 Nevertheless, the high non-
relapse mortality rate in the donor group among patients with
high-risk disease seemed to diminish the advantage of reduced
risk for relapse in this group. This study suggested that allogeneic
HCT infirst CRwas beneficial in patientswith standard-risk ALL.

The benefit of matched sibling allogeneic HCT in adults
with standard-risk ALL was also reported by the HOVON coop-
erative group. In a donor versus no-donor analysis of patients
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with standard-risk ALL undergoing postremission therapy with
matched sibling allogeneic HCT or autologous HCT, the donor
arm was associated with a significantly reduced 5-year relapse
rate (24% vs 55%; P,.001) and a higher 5-year DFS rate (60% vs
42%; P5.01) compared with the no-donor arm.51 In the donor
group, the nonrelapse mortality rate at 5 years was 16% and the
5-yearOS ratewas 69%.51

As evidenced by the previously described studies, matched
sibling HCT has been established as a valuable treatment strat-
egy for patients with both standard and high-risk Ph-negative
ALL, but subsequent studies have examined the role of unrelated
donor transplants in high-risk Ph-negative ALL. In a retrospec-
tive analysis of 169 patients who underwent unrelated donor
HCT during first CR, 60 patients (36%) had one poor prognostic
factor and 97 (57%) had multiple risk factors. The 5-year survival
rate was 39%, which is higher than survival rates reported in
studies of patients with high-risk disease receiving chemo-
therapy alone.52 The most significant percentage of treatment-
related mortality occurred in patients whowere givenmismatched
donors compared with partially or well-matched donors. There
was no significant difference in outcome between patients
,35 years of age and patients .35 years of age, suggesting that
unrelated transplants may be an option for patients who are
older. In a follow-up retrospective study by the same group,
reduced-intensity chemotherapy (RIC) was evaluated to lower
treatment-relatedmortality.53 RIC conditioningmost commonly
comprised busulfan (9 mg/kg or less), melphalan (150 mg/m2),
low-dose total body irradiation (,500 cGy single dose or,800 cGy

fractionated), or fludarabine plus total body irradiation of 200 cGy.
RIC is more prominent in the treatment of patients who are older;
therefore, themedian age for patients receiving full-intensity (FI)
conditioning was 28 years (range, 16–62 years), and for patients
receiving RIC, the median age was 45 years (range, 17–66 years).
Despite the variation in age, results from the study have shown
no difference in relapse (35% vs 26%, P5.08) or in treatment-
related mortality (FI, 33%; 95% CI, 31%–36% vs RIC, 32%; 95% CI,
23%–43%; P5.86) at 3 years.53 The 3-year survival for HCT was
similar following first CR (FI, 51%; 95% CI, 48%–55% vs RIC, 45%;
95% CI, 31%–59%) and second CR (FI, 33%; 95% CI, 30%–37% vs
RIC, 28%; 95% CI, 14%–44%). The DFS was similar in both groups
after first CR (FI, 49%; 95% CI, 45%–53% vs RIC, 36%; 95% CI,
23%–51%) and in second CR (FI, 32%; 95% CI, 29%–36% vs RIC,
27%; 95%CI, 14%–43%).53

A retrospective study of 576 adults $45 years of age com-
pared RIC or myeloablative conditioning allogeneic HCT from
HLA-matched siblings.54 Patients who received RIC (n5127) ver-
sus myeloablative conditioning (n5449) did not show any statis-
tically significant difference in leukemia-free survival (P5.23;
HR, 0.84), thereby supporting the incorporation of more aggres-
sive treatments for this population.54

A systematic review and meta-analysis of published ran-
domized trials on postremission induction therapy in adults
with ALL reported a significant reduction in all-cause mortality
with allogeneic HCT in first CR (relative risk, 0.88; 95% CI,
0.80–0.97) compared with autologous HCT or chemotherapy.55

A subgroup analysis showed a significant survival advantage
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with allogeneicHCT in standard-risk ALL, whereas a nonsignifi-
cant advantage was seen in high-risk ALL.54 Autologous HCT in
first remission was not shown to be beneficial relative to che-
motherapy in several large studies andmeta-analyses.48,50,55,56

NCCN Recommendations
For adults with Ph-negative B-ALL, regardless of risk group, the
NCCNALLPanel recommends treatment in a clinical trial, where
possible. In the absence of an appropriate clinical trial, the rec-
ommended treatment approach would initially depend on the
patient’s age and/or presence of comorbid conditions. Although
the age cutoff indicated in the guidelines for treatment decisions
for adults has been set at 65 years, it should be noted that chro-
nologic age alone is not a sufficient surrogate for definingfitness;
patients should be evaluated on an individual basis to determine
fitness for therapy based on factors such as performance status,
end-organ function, and end-organ reserve (Figures 1 and 2).

In the absence of an appropriate clinical trial, recom-
mended treatment regimens for patients ,65 years of age and
without substantial comorbidities include multiagent therapy
regimens based on data frommulti-institutional studies, such as
the ECOG 1910 regimen, the GRAALL-2005 (with rituximab for
CD20-positive disease), dose-adjusted CALGB 8811 Larson regi-
men, andMRCUKALLXII/ECOG 2993 regimen.Multiagent ther-
apy protocols based on data from single-institution studies,
including the USC/MSKCC ALL regimen based on CCG-1882,
the Linker 4-drug regimen, dose-adjusted hyper-CVAD (with or
without rituximab or sequential blinatumomab), and InO 1

mini-hyper-CVD (with or without sequential blinatumomab)
are other recommended regimens (Figures 3–6).

Treatment regimens should include adequate CNS prophy-
laxis for all patients. It is important to adhere to the treatment
regimens for a given protocol in its entirety. Testing for TPMT
gene polymorphism should be considered for patients receiving
6-MP as part ofmaintenance therapy, especially in those who ex-
perience severe bonemarrow toxicities (Figures 7 and 8).

For patients experiencing a CR following initial induction
therapy, MRD status should be assessed (see ALL-F in the full
guidelines, available online at NCCN.org). If the resulting MRD
status is negative or unavailable, consolidation therapy should
consist of continuation of themultiagent therapy protocol or bli-
natumomab monotherapy, followed by maintenance therapy.
Blinatumomab should be incorporated into frontlinemultiagent
therapy regimens as a postremission approach based on data
from ECOG1910.57 Consolidation with allogeneic HCT may also
be considered, especially in the setting of high-risk features, such
as age.35 years, presenting WBC.303 109/L, or poor-risk cy-
togenetic or molecular alterations, including but not limited to
complex karyotype, hypodiploidy, TP53 mutation, PAX5alt , and
alterations of IKZF1 (see ALL-3 in the full guidelines, available
online at NCCN.org). For patients with negativeMRD by flow cy-
tometry but positive MRD by an FDA-approved next-generation
sequencing assay, repeat testing before consolidation is started
should be considered to confirm MRD status. If MRD status is
unavailable, consideration should be made for retesting MRD
at the first available opportunity (Figures 1, 2, 9, and 10).
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IfMRD is persistent or rising, blinatumomab or InO are rec-
ommended, thoughblinatumomab is preferred in this setting for
those who have not previously received blinatumomab. Al-
though long-term remission after blinatumomab monotherapy
is possible, allogeneic HCT can be considered as consolidative
therapy. Although data are limited, it is recommended to wait at
least 4 weeks from InO monotherapy and the start of condition-
ing for allogeneic HCT to minimize risk of SOS. SOS has been
shown to occur less frequently when less alkylators are used as
part of the conditioning regimen (Figures 1, 2, 9, and 10).58

Adequate count recovery per protocol is necessary before
transitioning to postremission therapy, even in the presence of
MRD negativity. If count recovery is not achieved, additional fol-
lowup forMRDmay bewarranted (Figures 1 and 2).

In all cases, the optimal timing of HCT is unclear. For pa-
tients who are fit, additional therapy is recommended to elimi-
nateMRDbefore transplant (Figures 1 and 2).

For patients experiencing less than a CR after initial induc-
tion therapy (ie, presence of primary refractory disease), the
treatment approachwould be similar to that for patients with re-
lapsed/refractory disease (Figures 1 and 2).

For patientswithPh-negative B-ALL (regardless of risk group)
$65 years of age or with substantial comorbidities, in the absence
of an appropriate clinical trial, recommended induction ther-
apy includes multiagent therapy regimens, InO monotherapy
as per ALLIANCE A041703 (a category 2B recommendation), or
palliative corticosteroids (Figures 1 and 2). Multiagent therapy
recommendations are broken down by intensity. Low intensity
options include vincristine and prednisone or POMP.Moderate in-
tensity regimens include ALLOLD07 (PETHEMA-based regimen),

the EWALL, GMALL, or GRAALL regimens, or a modified DFCI
91-01 protocol. Rituximab is added to the GMALL regimen for
CD20-positive disease. Immunotherapy regimens classified as
moderate intensity include ALL-INITIAL-1 (InO/dexamethasone)
and InO 1 mini-hyper-CVD. High intensity regimens include
CALGB9111, ECOG 1910, and dose-adjusted hyper-CVAD.Dose
modifications may be required for systemic therapy agents, as
needed. MRD assessment and consolidation approach after
initial treatment induction would be similar to that for adults
,65 years of age with Ph- B-ALL,with appropriate dosemodifi-
cations (Figures 8–10).

Summary
The management of ALL includes complex, intensive multi-
agent chemotherapy regimens, broken down into treatment
phases including induction, consolidation, and maintenance
therapy. Induction regimens for adults with Ph-negative ALL
are generally based on a backbone of vincristine, corticoste-
roids, and anthracyclines. There have been dramatic im-
provements in outcomes for patients with ALL over the past
several decades, in part due to incorporation of MRD testing
into treatment protocols and the development of novel thera-
pies, such as blinatumomab and InO, which are becoming an
increasingly important part of the frontline treatment land-
scape. Although chronological age is a factor in the choice of
frontline therapy, the NCCN panel advocates for shared decision
making and treatment decisions based on additional factors
such as comorbid medical conditions, performance status, and
end-organ function/reserve.
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